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ABSTRACT

Testing was conducted on three, 9 percent scale Gemini models and a

5.8-inch diameter hemisphere cylinder to obtain qualitative and semi-

quantitative information on the local heat transfer rate induced on the

Gemini afterbody by the module/adapter interconnect fairing. These

models were cast using RTV 60 siliccne rubber. A 0.3-inch minimum thickness

of rubber was maintained over an aluminum core.

The Gemini models were tested at 160, 1650, and 1700 angle of attack.

The hemisphere cylinder was tested at 0° angle of attack. Testing was

conducted at Mach 8 at Reynolds numbers per foot of 3.8, 3.5, 3.0, 2.0, and

1.0 x 106. Prior to each run, models were coated with Detecto-Temp paint.

Color motion pictures were made during the test to obtain color chanCe data,

and still photosraphs of the models were taken after each run. Forty-seven

runs were corpleted during Series I tests and 27 runs during Series II tests.

The motion pictures and still photographs have been forwarded to Department

242 for analysis.

These tests were performed in Tunnel B of the von Karman Gas Dynamics

Facility, Arnold Engineering Development Center on 10 August 1967 (Series I)

and 4 November 1967 (Series XI).

This report completes work on TR 058-ATD.02.01.

MAC 1111u 4h9V I Aug it
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1. TRODUCTION

Testing was conducted on 9 percent scale Gemini rubber models and a

5.6-inch-diameter hemisphere cylinder to obtain qualitative and semi-

quantitative information on the locel heat transfer rate induced on the

Gemini afterbody by the module/adapter interconnect fairing. The test

was set up to obtain compaative information between the NASA GT2 fairing,

the Cemini B low-profile fairing, and the model with no fairing. The

analysis was to be made with theoretical heating rates on a reference

hemisphere cylinder.

These tests were performed on models painted with Detecto-Temp paint in

Tunnel B of the von Karman Dynamics Facility, Arnold Engineering Development

Center (AEDC), on 10 Augtst 1967 (Series I) and 4 November 1967 (Series II).

2. MODEL DrSCRIPTION

Three 9 perceut scale Gemini models were fabricated for the test program.

Female plaster molds were made for each configuration of the Gemini to be

tested. An existing 9 percent scale Gemini model was used as the master for

the plaster molds. Inner cores were machined from 2024 T-3 aluminum and

provided a gap of 0.3-inch minimum between the core and the mold. RTV 60

silicone rubber, which was exposed to a vacuum to remove air bubbles, was

injected into the gap and allowed to cure at room temperature for 48 hours.

The model was then removed frcm the mold and hand finished.

The Gemini cofigurations cast were:

(1) Gemini with the UASA fairing;

(2) Gemini with the Gemini B fairing; and

(3) Gemini vlthout a fairing.

A similar casting technique was employed to cast a 5.8-inch diameter

hemisphere cylinder using a female fiberglass mold furnished by AEDC. The

MAC 111u llv I Aug ut
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hemisphere cylinder was used as the calibration body during the test

program. Sketches of the models are showa on pages 4 and 5.

All models were cast from the same batch of silicone rubber. The nominal

thermal conductivity of the RTV 60 is 0.18 Btu-ft/hr-ft2 .

3. TEST SETUP

The models were installed in Tunnel B at AEDC using the hardware shown in

the sketches on pages 6 and 7. Roll locking devices were not provided on the

models during Series I tests and the Gemini model with the NASA fairing was

inadvertently rolled an additional +7* from its intended test position. A roll

locking device was installed on the models for Series II tests.

Two DBM-5A lillikan motion picture cameras were used to record the tez t on

color film. One camera was located in the top forward window, the other in the

side forward window. A bank of four lodized quartz 1&'ps was located in the

upper aft window. A similar bank of lamps was located in the side eft window

to provide tunnel lighting. The cameras were focused on the afterbody of the

Gemini model vith a bore sight tool. Camera location and lens setting remained

In the same position for the entire test program.

4. TEST PROCEDURE

Grid lines were drar' on the clean Gemini model and the hemisphere cylinder

to provide a reference for film interpretation. Film sequences vere made of

the Gemini model at 160%, 165% and 170* angle of attack, and of the hemisphere

cylinder at 0' angle of attack.

The models were painted with Detecto-Temp paint (915-0979) and allowed to

dry. Next, the models were installed on the sting support system in the model

Installation room beneath the tunnel test section.

MAC sllu i Iv *I AVGl
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When tunnel flow conditions were established, the motion picture cameras

were started and the model was injected into the tunnel. An event marker was

placed on the film when the model reached tunnel centerline. Visual observation

of the model during the test for color changes and patterns was used as a

guideline for the length of time the model remained in the tunnel.

After each test, the model was removed from the sting support system and

a still color photograph was taken.

Testing was conducted on the four models at angles of attack of 1600, 165o,

and 1700 for the Gemini models and at 00 for the hemisphere cylinder. All tests

were conducted at M~ch 8 at Reynolds numbers per foot of 3.5, 3.0; 2.0, and

1.0 x 106 for Series I tests and at Reynolds numbers per foot of 3.8, 3.0, and

2.0 x 106 for Series II tests.

5. TEST RESULTS

Test results are:

(1) color movies;

(2) color negatives of still photographs; and

(3) a run schedule consisting of configuration, test conditions, and

movie identification.

The color zrovies and still rLotographs have been forwarded to Department

242 for analysis.

The run schedule Is presented in tables on page 8 through 10.

W&C #low .101W I aus all
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DATE. _______

REV sEC ,&,fCDONA

REV iSE - ST. LOUIS, MIS!

RUN SCHEISeries I

RU N CONFIGURATION TYPE M e/ar Po

RUN x o (pe ) (Dega) ____

Heat

1 Gemini + NASA Fairing b1Transfer 4. .4t, 159.9 030.8 I 1 8
___________ I______ 1--

Gemini p+ "B" Fair ing 3.46 159.9 797.2 iP____

j Hemisphere Cylinder ,___ -t 0.0 03.2 152.u4.9 11790 6 115
Gemini + NASA,_Fairing _ _.44 7

10 _Gemini + "B," Fairing 4__ . 5 -0 1799.0 i3

6-- Gein 5i iM50 l-

_5 _Here _ _d -01 l.. - )4)Gein +'B arn;34 17f)li . 14b
Gemin + NASA Fairing .4 109.,) 600.2 .4

11 Gemini + NASA Fairing J _ .12 160.) 60.

12 Gemini + NASA Fairing 100 -)1 59.9 67J.5 I Qd4

1_ Gemini * "B" Fairing 01 16-).0 672.3 .1- L,

1 i4 Hemisphere Cylinder .__,.)b b69.1 ot"'I.

7I5 Gemii+t NASA Fiiring -_ .') 1:4.) 660,3 1

ILI Gemini + K" F nirg -it) .0 . . . .4 1.325-_ ~- - - - -. . . .. ... .. . -... .. .. ..... _ - "  .i 1 "  I

_17 }jcemin~ ra 2 W )L 10 G71-9 1,i

lb Gemi rd + tA Fairing - .- O

ni "lk" i.'ir.ig -.)5 1 T, 1 wu7.) 1

iHemisphere "ylinder --. ..-17-0 I0- .

7 -)7 ' 0.0 417.9 1 x11
d.. Gemin., NASA nlring 0. 7 .. Itv.0 t I. 11

I G~I ii b'F'Uri ~ 1. )6 159.9 1424.6. )0~2

' It-..........................-.--.-.,.---__ !imIs here . .ylinder 1........ ......... j.95 +o.1 421.1 1,-.99

NOTES.
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RUN SCHEDULE
• Movie Identificatioa

Spol qo eo Tw RUN Side T
) 1° (pla) (psia) Ft/Sec. (psia) Slug/ft- ,R Reel I.D. No. Reel I.D. No.

.8 i1-46 6.7u .0814 3875 3.65 x jo-5 571 1 1 04410 1 04411- -7.00

.2 1,42 6.73 .08io 3866 3.64 7.00 571 2 1

.2 i-,52 b.7d .0blb 3880O 3.66 7.0 572 3

*o 1 50 6.74 .0b11 3678 3.64 6.98 572 4

.2 13J5 6.76 .'X12 3&k0 3.65 6.97 572 5

.0 1,50 6.75 .0613 3670 .5 69 7 6I

.2 i4) L.7 5 o6 I j 3d7. *,L5 0 572 7 2 04422

'.(1--c75 .0613 13875 3.65 7.00 572 b -

#2 !J40 t.75 .0613 3663 3.65 7.04 572 9 2 04413

0 l3.t u.74 .0612 3857 3.65 7.05 572 10

._ ___3 6.76 .o616 36.3 3.66 7.10 ,72 Ii

5 ', 5.b9 .0d7 io4o 3.06 6.01 569 12

-3_ 1.. 5.70 .0t9 3631 1.08 6.05 5b6 13

.1 1 2L:, 5. 6 .Od', 3837 3.07 t.00 566 14

.3 ljlo 5171 .OtJ,5 &i)1 3.07 b.01 56 15

.4 1.3 5  5.71 .u6) j841 3.09 6.02 5b8 16 3 04414
-- 

- .. 
--- 

-
--

l: 5.7o . 3851 -.06 5.98 5,6 17

4 i 32d 5.7" jb")9 3645 3.U9 t-1 5C6 13

) 1 36 5.(7 .0o64 j646 3.06 5.9t.9 c 1 04415

'.9 5j 5.7 *o8 80 3.06 5.9A 5ub 0I i-- -

S lwl .. .04J7 3b20 1.94 3.83 562 21

3' 3 , C 0 . .94 2 '. 22

01 199 13.6 .0442 3802 1.97 3.91 561" 23

1.7 2o 3. " .042 ' 8 1 9 .1 (0 4 4 04417 4 o4416

.. 12) . .9 560 25 --
5796 1. _



HL, ISELD l'lCDONl

RE' ST. ')UIS, MI

Series I RUN SCHE

RUN CONFIGURATION TYPE M Re/Ft a. T°

20 Gemin.t _r_ sfer 7.97 1.'97 j42, . 1290

27 '1 Gemini + NASA Fairing __ __ K 1.93 1170.1 1421.1 1301b

L20 Gemini + "i" Fkai ir - 1.96 170.0 422.3 12()8

29 Hemisphere Cylinder 0 1420.1 1293

301 .4. d n'i{. + NAAFir.92 0.)5 '37 -)" 1)I.d 12,_

31 Gemini 4 "B" Fairtine 0.9 159.) !191.2 123

32 Hemisphere Cylinder ., 0 111).2 1227

Gemini *+ ASA Fairirie.)9 it 5.O !192.6 1224

Hemisphere Cylinder -- ).i 4i -I'-'0.0 1232
-i - Cemini + "B" Falring -l¢.')u li 5.0 o 1. 1.,42

.. _. j 1..5.. .

37 Gemini NASA FairiF 0.- 170.0 l 2 -"

'+ • + . .. . - +,, .-" ± ". _: ' ..-.. ;-+

20 Gemnii "B" iairing

Heiphr 'yliadier -I n. 11  .~7 * :2 )4o (-er i+mn "B" F.rint + ." ... . L 1. 14

~41 (celd1 ni "b" Fuiri -. - . - l''. .y .

I , C ' _ )

42 Gemi ni + "ASA X. ,

l Gerdi + "I"*~ I.I
44 t;(.tl + N"" F irl' . ' .1 -I .i-c J 1:0 .

2 + ,ASA FR i - , . o

+. - --

F---
NC.% f 0.

L2"

N I OT Ge iif-S.S\ t : t i | +l "
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RUN SCHEDULE
__ _ _Movie Identification

Pol Poo Vo q Ttw RUN Side -

0_' 'R ( L (Psa) Ft!Sec. (psia) Slu/F_3 _R Reel I.D. No ReelSx 
i 0 - 5 

1 D o

1290 1 3.66 .0445 3796 1.98 3.94 560 4 o4417 4 04416

L.1306 3.64 .0o442 3812 1.97 3.89 560 27

1298 3.65 .0443 3801 1.97 3.93 5b0 26 -5 04418

L I1293 3.63 .0441 3793 1.96 3.92 560 29 5 04419

1 L250 1.70 .0210 374o 0.92 1.89 552 30 1  , ,_

2 1238 1.70 .0209 3710 0.92 1.91 551 31 6 04420

1227 1.70 .0209 3694 0.92 1.9k 550 I 32 r6 04421
1224 1.71 .0211 3689 1 92 1-.-6 550 I -3 -- --

1232 1.69 .0208 3701 0.91 1.92 5"" 134 . 7 04422

D L42 1.70 .0209 3716 0.9 1.9 i- 5"o -

-1 50 1.71 .0211 3726 :0.93 1.92 55) 36 -y

I._ .23 l1.9 .0206 3732 0.92 5 7 o402 6
-

- . -!-.... .

9 L 1.66 *020t 3 730 0.1_1 .8 36-

12 .-- ,-4) 1.70 .0Y210 3727 0.92 3.9 550 j L ,}

2 1.71 .0211 f79 0.)2 l.)2 .55)I 6 04425 9 04426

(0 .001Ju 5 353 3.U) 7.10 5641 10 040di

1 ...... 77 .0614 366 3.t. 1 42 .

0 _. _,610 3900 3,64 uD oi - 43 9 04427

7 I , ; . 5 . 0 6 1 1 3 7 b 3 .0 5 . 49 5 7 b ~ 4 4

u.77 .o 14 3,73 3.ot 7. 2 571 5 
0

4--- - . .0.004. .375 3.t3 , ',71 _ -- -

6 .70 o I 367(., 3.Lo 7.00 i71
.C 

e

. ..... 
.. .- b - -, -). .. '. . . . .

.4 .9 " 3) 2b Io 1 -

Si,7; 45 7)3 0).5 394 4.07 7.5 5 .

- ~ ~ ~ ~ ~ ~ 0 7.5--------3.. -- -



REV ISED DCDOANE

REV ISED ____
ST. LOUIS, MISSOU

Series II RUN SCHEDUI
RUN C(ONF IGURATION TYPE M 0e/F] l PT

RUN . x b.06 (deg) (sia) O R

Heat
3 Hemisphere Cylinder' Transfer 8.02 3.6b 0 699.0 i3",3

4 Gemini + NASA Fairing 3.73 u5 1896 13"2

5 Gemini + "B" Firing 3.75 1c,' 90000 1,75

6 Hem:isphere Cylinder 43.73 01302
7 Gemini + NASA Fairing _3.70 170 194.1 13

_7 Cylinder - 2 10 91..0 ;.y'

1I0 Gemini + NASA Fiiring 118.00 .o2.7 I00o6. 1_5

Gemini + "B" Fairing __T __ 7._.

12 Hemisphere Cylinder I . 0 ) 434 .

13 Gemini + VASA Farn .. 2i5

14 Gmii+ AB Fairing ,R-1 .geIcorc)2 I vo,4~.0 I.. 1.40

15 Gemini + NASA Fairing 3..... 170 673 L1  9 I)

16 Gemini + "B" Fairing 7______ 1____

17 Hemisphere Cylinder j 0 tA!.4

10 Gemini + .ASA Fuiring .21 3 6L .'

1 Gemini,+ "P" Fairinig (Boe oi 2,= 1) 4 165 7::O.0 1 0

,20 Hemisphere Cylinder 2.94 0 ,70).9 I 3

_ 2 1 , .... .. . .,.... ..... .. ... __ G n i. + '.ASA F a',%n IModel Rolled +7 0)I .. .. 2 :_.- ... ... lu 7.... 422 Gemini + "P" Fairing 7)1 4

...... .. .. . _ . . ... ............_ 4. . -o --,., I

_ t---- --.- .... .. ... ... - ....
23 i~mr, +9 !-S Ptx i 11. 1 5:).

I ........ ... . .~~ I .... . . . ... . .. 6.... . .

26 Gemini +- 'NASA 1Firing 2.th W 41 0/.j i3

27 .Hemisihere 10"P":Far 1 . 1 0 ,ec10.' -. o

NO0 T E S:

21._ Gwn. +NS arn Moe. Ie 7) . o 7 1
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ST. LOUIS, MISSOURI

RUN SCHEDULE Movie Identification
Pcl P. Va q 0  Initial Side

_ l 40 V0 *Moal RUN
) R (psit.) (psia) Ft/Sec (psia) Slug/ __. _ Reel I.D. No. Reel I.D. No.

i139S 7.54 .0Y906 3939 4.07 x 10-5 1 4615
7.56 528 3 1 4616 1 1

3 2 7.54 .0900 3924 4.07 7.62 536 4

. '17 7.55 .0907 3916 4.08 7.65 536 5

D 1302 7.54 .0906 3924 4.07 7.62 530 6

1 1' 7.54 .0 90j 3932 4.08 7.59 530 7

5 1i,0 7.51,  .09057 3925 4.07 7.61 532 8 1 2 4614

0 k 31 7.6 .090,3 3694 4.09 7.7u 526 9 2 4617
T_

4 1 j34 5.65 *o)683_ 3683 3.05 5.63 539 10

< 132 5.70 .o689 384o 3.06 6.02 528 _1_.11

Si 5.64 -.Ot,61 3647 3.05 5.)2 527 2

7l 4 1 5.68 .o6 .86b 3.07 5.91 531 13

0 A o40 5.67 .0W5 3863 3.07 5.)2 5-;4 14

i 1 5.72 .00b 363? 3.W u.04 i1
5 .70b j0 3.06 5.)5 535 16 3 4613

6 ' .o)66L 36o 3.07 .03 532 17 3....

9~ ~ : " 571 .O,) 385V- 3.O .-L. i1i

,C 1 1. A .74 3eX, b O ()0-.8 .5 5371 i
-710.6Z7 36(- 3.07 51 53 20

Lj.17 ... 9 21:7
. :U _ _x, .-. ;:__.i; -.. .. .. . , - - - --

/ ---. 1 "O i1 1..5 I --- ", t .-' - -- - - -

. - -4.________ . .... - I -'

S5.74 1 4 3840 3 38 55 5130( 3.69 .0443 3U2~ 1.07 5.J 53 20

63 44 '' 73312 1.)6 .3. 5 17 23 4 ,

• i 0ulo j .(? o6.441 3612 1.)5 .6'( t. 2 I
.3 1 il. 3.2 4 3027 1,R P",~ j

,7 u Ii3b .044 3,3"7- . )U 3b 3- 27
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APPENDIX A - REFERENCES

Model Drawings

Drawing Number Description

58W03-00066 General Assembly

58W03-00067 Casting Core - Gemini "B"

58W03-00068 Support Sting

58W03-00069 Core - Hemisphere Cylinder

58W03-00070 Hemisphere Cylinder Casting Assembly

58W03-00071 Female Mold - Gemini "B"

58WO3-00072 Tunnel Installation

58Wo3-00073 Fairing - Gemini "B"

58W03-00062 Fairing - NASA GT2

Related Test

TR 052-ATS.02 Gemini B Re-Entry Module/Adapter
Attachment Fairing Aerodynamic
HeatinZ Wind. Tunnel Test

MI

MiAC flIu 3Kv| I AUG *glI


